The Convolvulaceae, commonly known as the bindwind or morning glory family, is a family of climbers, herbs, shrubs and occasionally trees. Fifty-eight genera and an estimated 1880 species of Convolvulaceae are currently recognized [1] . Convolvulaceae species are widespread in tropical and temperate regions and find economic use as edible crops, ornamentals and medicinal plants. In Portugal the genus Convolvulus is represented by 9 species [2] , of which C. althaeoides is the second most frequent. Although the genus (ca 250 species) is the second largest within the family, only surpassed by Ipomoea (ca 700 species), it has not been previously studied for anthocyanins. This paper describes the isolation and complete structural identification, including the absolute configuration of sugar moieties, of a novel acylated anthocyanin from C. althaeoides bearing a linear trioside containing a rhamnose moiety.
Fresh flowers were extracted with an acidified MeOH solution. The HPLC profile showed one major anthocyanin. The crude extract was partitioned against n-hexane and ethyl acetate and purified on an Amberlite XAD-7 column. The extract was fractionated using Sephadex LH-20 and semi-preparative HPLC to afford anthocyanin 1 (Figure 1 ). Its structure was deduced from UV-visible spectroscopy, chemical degradation, high-resolution MS and NMR data. (H-3 II to H-6 B II ) were assigned using a similar procedure (Table 1) . Subsequently, the chemical shifts of the corresponding carbon atoms were assigned from the HSQC experiment. The 13 
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Sugar linkage positions:
The cross-peaks in the HMBC spectra ( Figure 2 ) were used to determine the connection points between the various units. The anomeric protons H-1 II and H-1 III were correlated with the aglycone backbone at C-3 ( 5.45/146.08) and C-5 ( 5.19/156.68), respectively. In addition, C-5 was shifted upfield in comparison with a non-glycosylated C-5 position [3] , and a A 440 /A Vis-max value of 14% also supports the existence of 3,5-disubstitution. The anomeric proton H-1 IV of rhamnose was found to be correlated with C-6 II of the 3-glucoside ( 4.66/67.01). Notably, the anomeric proton H-1 V of a glucosyl unit was found to be correlated with C-4 IV of the rhamnosyl moiety ( 4.47/84.49), which accounts for the pronounced downfield shift of C-4 IV . This assignment is further supported by the presence of a cross-peak ( 3.44/106.05) between the H-4 IV of the rhamnosyl and the anomeric C-1 V of the glucosyl moieties. Therefore, pigment 1 was found to possess a cyanidin 3-O-(4'-glucosylrutinoside)-5-glucoside structure. Chemical degradation: The stepwise acid hydrolysis and alkaline degradation were carried out according to Markham [4] , and monitored by HPLC-DAD. Based on retention times, on-line UVvisible spectra and co-chromatography against known anthocyanin references, the following pigments were observed during the acid hydrolysis of pigment 1: the decaffeoyl derivative 2, cyanidin 3,5-diglucoside 3, cyanidin 3-glucoside 4, and finally the cyanidin aglycone 5. Alkaline hydrolysis afforded the decaffeoylated derivative 2, as expected.
Absolute configuration of sugar moieties: Pigment 1 was subjected to complete acid hydrolysis, and the residue was first derivatized with L-cysteine ethyl ester hydrochloride and then with phenylisothiocyanate, as described by Hara [5] and Tanaka [6] , respectively. The reaction mixture was analyzed by HPLC-DAD and co-chromatographed against reference standards of D/L-glucose and D/L-rhamnose derivatives. D-glucose and L-rhamnose were detected as the aldose enantiomers present in pigment 1. Thus, the structure of pigment 1 (Figure 1 Washington" (Liliaceae) [7] and in Spanish cultivars of Olea europaea L. (Oleaceae) has been suggested [8, 9] but the precise mode of linkage was not known. More recently, the branched cyanidin 3-(3-glucosyl)rutinoside was identified in peels from the spears of Asparagus officinalis cv Purple Passion [10] . A branched trioside had been found in the seed coat of Ophiopogon jaburan [11] , but linear anthocyanin triosides have not yet been detected within the Liliaceae. Similarly, surveys of 5 Tuscany cultivars [12] and 13 Spanish black olive varieties [13] using HPLC-DAD and MS found only cyanidin 3-glucoside and 3-rutinoside, and there are no reports on the occurrence of triosides, whether linear or branched, within the Oleaceae.
The 4'-glucosylrutinoside, a linear trisaccharide, has not been reported to occur in any anthocyanin or flavonoid, though a Cglycosylflavone tetrasaccharide containing this sub-unit has been found in Cycas panzhihuaensis [14] .
So far, 23 anthocyanins based on 8 trisaccharides have been completely characterized. The branched ones (16) are predominantly composed of mixed sugar units (glucose > rhamnose > xylose > galactose), and often acylated (5) . As for the linear ones (7), acylation seems to be more frequent (4) and in most cases (5) glucose occurs as the sole sugar unit, except in Malcolmia maritima [15] and now C. althaeoides where the middle sugar unit within the trioside is a xylose and a rhamnose, respectively.
Altogether, 43 different anthocyanins have been previously reported to occur in Convolvulaceae. Most of these have a glucose unit in the 5-position, and either a mono-or diacylated glucose or sophorose unit in the 3-position of peonidin, pelargonidin, cyanidin and rarely delphinidin. The acyl groups are mainly caffeoyl and coumaroyl; however, feruloyl, p-hydroxybenzoyl and malonyl have been reported [16] . The anthocyanin herein characterized bears a linear trisaccharide, which in turn contains a 6'-rhamnosylglucoside (rutinoside) sub-unit, both traits being unique within its chemotaxonomic family.
It will be interesting to follow in the future whether trisaccharides in anthocyanins could be used to distinguish between taxa, with linear trisaccharides occurring in families (Cruciferae [15] , Dioscoreaceae [17] , Ranunculaceae [18] , Primulaceae [19] , and now Convolvulaceae) exclusive to the branched ones (Liliaceae [7, 10, 11] , Begoniaceae [20] , Rosaceae [20] , Fumariaceae [20, 21] , Ericaceae [22] , Umbelliferae (= Apiaceae) [23] [24] [25] , and Linaceae [26] ).
Experimental
Plant material, extraction and isolation: Flowers of Convolvulus althaeoides L. were collected in the area outside the faculty campus (Monte de Caparica) and along the roads to Almada, Portugal, in early June 2014. The fresh flowers were pooled together (375 g), and corollas were soaked overnight in a refrigerator with MeOH containing 0.2% TFA. The combined extracts were concentrated in a rotary evaporator at 25ºC, partitioned against n-hexane and ethyl acetate, and adsorbed on a column packed with Amberlite XAD-7. The column was washed with H 2 O, and the sample was eluted with MeOH 0.2% TFA. The anthocyanin-containing fraction was fractionated on a chromatographic column (Pharmacia 1000 x 50 mm) packed with Sephadex LH-20 (Amersham Biosciences), eluted with 40-60% MeOH-H 2 O mixtures containing 0.2% TFA. The collected fractions were further purified by semi-preparative HPLC, to yield pigment 1 (57 mg). Acid hydrolysis: Pigment 1 (1 mg) was dissolved in 1 mL 2M HCl and heated at 90ºC in a closed vial for 2 h; aliquots were taken at intervals and analyzed by HPLC-DAD.
Pigment 1 (Cyanidin 3-O-[6-O-(4-O-(6-O-(E-caffeoyl)--Dglucopyranosyl)--L-rhamnopyranosyl)--D-glucopyranoside]-5-O--D-glucopyranoside)
Alkaline hydrolysis: Pigment 1 (1 mg) was dissolved in 0.4 mL 0.1M HCl, deaerated under N 2 and transferred into a syringe; 0.6 mL of a soln of NaOH 2M/MeOH (1:1) was added into the syringe under N 2 ; the mixture was shaken, kept away from light and air at room temperature for 2 h; then 0.8 mL 2M HCl was added into the syringe; the final reaction mixture was concentrated in a rotavapor and analyzed by HPLC-DAD.
Sugar derivatization: Pigment 1 (1 mg) was subjected to complete acid hydrolysis. The aglycone was extracted with 1-pentanol and the aqueous phase was taken to dryness; the residue was first derivatized with L-cysteine ethyl ester hydrochloride (1 mg) in pyridine (0.2 mL) in a closed vial at 60ºC for 1 h; and secondly with phenylisothiocyanate (1 L) at 60ºC for another hour; the reaction mixture was cooled and diluted 20 fold with MeCN and analyzed by HPLC-DAD.
HPLC:
Analytical and semi-preparative HPLC separations were performed on a Merck-Hitachi system comprising an L-6200A pump, an L-4500 Diode Array Detector, an L-5025 column oven (40ºC), DSM software, a Rheodyne 7125 manual injection valve fitted with either 20 L or 2.0 mL injection loops, using Phenomenex Gemini (C18, 150 x 4.6 mm, 3 m) and Phenomenex Luna (C18, 250 x 10 mm, 5 m) columns, respectively. The mobile phase used for the analysis of anthocyanins (crude extract, pigment 1, acid and alkaline hydrolysis solns) were A ( General: UV measurements were recorded in 0.01% MeOH in a CARY 100 BIO spectrophotometer (VARIAN) using quartz cuvettes (0.2 cm path) at 20°C, in the 200-800 nm range with a 1 nm step and at a scan rate of 600 nm/min. Optical rotation was
